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AERODYNAMIC CHARACTERISTICS OF A LARGE-SCALF: MODEL WITH 

AN UNSWEPT WING AND AUCNEJ!EED JET FLAP 

By David G. Koenig and Victor R. Cors ig l ia  
Ames Research Center 

and 

Joseph P. Morell i  

Army Aeronautical Research Laboratory 


An inves t iga t ion  was made t o  determine the aerodynamic cha rac t e r i s t i c s  of 
a complete model equipped with an augmented j e t  f l ap .  The augmented j e t  f l a p  
i s  a j e t  f l a p  with the  primary j e t  thrust increased by means of an e j ec to r  
system i n s t a l l e d  i n  the  wing t ra i l ing-edge f lap .  The f l a p  was i n s t a l l e d  on 
the  inboard p a r t  of the  wing, and blown a i le rons  were i n s t a l l e d  on the  out 
board par t .  Tests  were made with and without the hor izonta l  t a i l  a t  zero a i r 
speed and a t  a dynamic pressure of 8 psf corresponding t o  a Reynolds number of 
3.0%lo6. 

The measured thrust of the augmented j e t  f l a p  was about 1.42 times t h a t  
of the  measured primary je t  f o r  f l a p  def lec t ions  of 60° and TO0 and 1.25 t i m e s  
the  i sen t ropic  j e t  thrust. This r a t i o  did not s ign i f i can t ly  decrease a t  f o r 
ward speed. A maximum l i f t  coe f f i c i en t  of 6 was measured f o r  a j e t  coe f f i 
c i en t  of 1.30 when the  model was equipped with ful l -span leading-edge s l a t s .  
Symmetrical a i l e ron  def lec t ion  and f l a p  boundary-layer control  were e f f ec t ive  
i n  producing l i f t  increments a t  model a t t i t u d e s  below t h a t  f o r  wing s t a l l .  
With t h e  hor izonta l  t a i l  i n s t a l l ed ,  the  var ia t ion  of p i tch ing  moment with 
angle of a t t ack  was s t ab le  up t o  and including wing s t a l l .  Comparisons with 
j e t  f l a p  t e s t  r e s u l t s  on t h e  b a s i s  of the  same s t a t i c  t h r u s t  output of the 
systems indicated t h a t  the  present  augmented-jet f l a p  configuration produced 
s l i g h t l y  higher l i f t  increments and had more forward center-of-pressure loca
t ions .  For the  same i so t rop ic  primary thrust, the  augmented j e t  f l a p  produced 
50 percent more je t  force and 22 percent more l i f t  than the j e t  f lap .  

INTRODUCTION 

The j e t  f l a p  has been considered i n  severa l  forms f o r  i n t eg ra t ion  in to  
the  l i f t  propulsion systems of STOL tu rbo je t  or turbofan a i r c r a f t .  Most of 
t he  designs have high-veloci ty- je t  sheets  expelled e i t h e r  a t  the  wing t r a i l i n g  
edge or over the  top of a t ra i l ing-edge  f l ap .  Wind-tunnel s tud ies  of some of 
these designs a re  reported i n  references 1 through 4. In tegra t ion  of t he  j e t  
f l a p  i n t o  a i r c r a f t  designs has been d i f f i c u l t  because of problems i n  de l iv
er ing  s u f f i c i e n t  gas flow t o  the wing t r a i l i n g  edge t o  achieve the  needed 



j e t  thrust. Another d i f f i c u l t y  with t h e  j e t  f l a p  i s  t h a t  large nose-down 
p i tch ing  moments r e s u l t  when the  j e t  i s  expelled near the  wing t r a i l i n g  edge. 

The augmented j e t  f l a p  o r  augmentor wing was proposed i n  reference 5 as 
an improvement over t he  bas ic  j e t  f l a p  i n  the  sense t h a t  higher j e t  t h r u s t s  
and l e s s  negative p i tch ing  moments would r e s u l t .  I n  t h i s  concept, the  thrust 
of t he  primary j e t  i s  augmented by an e j e c t o r  system combined with the  
t ra i l ing-edge  f l a p .  The design and possible  appl icat ions a re  discussed i n  
reference 5. 

I n  order t o  determine the  aerodynamic c h a r a c t e r i s t i c s  of the  augmented 
j e t  f l a p  a t  high Reynolds number, a large-scale  model was b u i l t  and t e s t ed  i n  
the  Ames 40- by 80-Foot Wind Tunnel. The wing of t he  model was unswept, and 
the  augmentor wing sec t ion  extended 60 percent of the span. The compressed 
a i r  f o r  the  augmentor was supplied by a x i a l  flow compressors with turbines  
driven by the  exhaust gas of a j e t  engine. S t a t i c  t e s t s  and wind-tunnel t e s t s  
out of ground e f f e c t  were made f o r  f l a p  angles f rom 30° t o  looo. A t  augmen
t o r  f l a p  angles of 60° and looo, the  model was t e s t e d  with a high-positioned 
hor izonta l  t a i l .  The invest igat ions included the  e f f e c t s  of s i d e s l i p  and 
d i f f e r e n t i a l  a i l e ron  def lect ion.  

NOTATION 

a gap between the  upper jet-augmentor door and the  upper surface of 
the  wing (see f i g .  2 ( b ) ) ,  i n .  

JA JP JAA augmentation r a t i o  of the  j e t  augmentor ’ JI 
-’JI 
-,o r  

JP 


b2
AR wing aspect r a t i o ,  -S 

b wing span, f t  

C wing chord, f t  

-
C mean aerodynamic chord, f t  

Cf f l a p  chord, f t  

wing roo t  chord, f t  

CD drag coef f ic ien t ,  drag 
CIS 

C h  t o t a l  momentum drag coe f f i c i en t  due t o  gas generator and compressor 
gas flow 

C J  j e t  force coef f ic ien t ,  o r  t o t a l  j e t  force coef f ic ien t ,  

CJA + Cvf + cva , ’‘ e t  reac t ion  force  
CIS 
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-- 

C l  rolling-moment c o e f f i c i e n t  with reference t o  s t a b i l i t y  axes, 
r o l l i n g  moment 

qsb 
l i f t  

CL l i f t  coe f f i c i en t ,  -
CIS 

CLAERO CL l e s s  v e r t i c a l  t h r u s t  component, 
CL - cJA s i n ( a  + e )  - cCLfs i n ( a  + Sf) - cPa s i n ( a  + Sa) 

f l a p  l i f t  e f fec t iveness  parameter f o r  t he  augmented j e t  f l a p  and thecL6A1 j e t  f lap ,  respect ively,  obtained from l i n e a r  theory f o r  E = 1CL6J 

f l a p  l i f t  increment, CL - (cL, a = 0, e = 0, CJ = 0) 

Cm pitching-moment coe f f i c i en t ,  pitching moment ; moment center  located 
c-.- CISC,-La t  the  -4 poin t  

awing moment 
Cn yawing-moment coe f f i c i en t ,  '--

CI= 

CT t a i l - p i p e  t h r u s t  coe f f i c i en t ,  
t a i l -p ipe  t h r u s t  

CIS 
side-force coe f f i c i en t  with reference t o  wind axes, s ide  force  

CY CIS 
nozzle reac t ion  forcea i l e ron  blowing coe f f i c i en t ,  

CIS 
nozzle reac t ion  force  

c1f f l a p  blowing coe f f i c i en t ,  -
CIS 

d gap between lower augmentor door and f l a p  lower surface (see 
f i g .  2 ( b ) ) ,  i n .  

C fE f l a p  chord r a t i o ,  c 

it hor i zon ta l - t a i l  incidence, pos i t i ve  with t r a i l i n g  edge down, deg 

J j e t  force ,  evaluated a t  V, = 0, lb 

JP j e t  reac t ion  force  evaluated a t  VW = 0 wi th  the  upper door and 
f l a p  removed, l b  

-
c2 distance from the  -4 po in t  on t h e  wing t o  -4 poin t  on the  ho r i 

zonta l  t a i l ,  f t  

mass ra te  of flow through the  primary nozzle of t h e  j e t  augmentor 
measured as compressor output l ess  a i l e ron  flow, slugs/sec 

pd augmentor-duct t o t a l  pressure (see f i g .  2 ( g ) ) ,  lb/sq f t  

PCO free-stream s t a t i c  pressure,  lb/sq f t  

3 
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free-stream dynamic pressure,  Ib/sq f t  

S wing area,  sq f t  

SF port ion of t h e  wing area included by t h e  jet f l a p  i n s t a l l a t i o n ,  
sq f t  

S t  area of t he  hor izonta l  t a i l ,  sq f t  

t wing m a x i m  thickness 

0duct t o t a l  temperature, R 

0
free-stream t o t a l  temperature, R 

l o c a l  ve loc i ty  a t  augmentor exhaust, f t / s e c  

vt hor izonta l  t a i l  volume coe f f i c i en t  (k)(2) 
vcn free-stream veloci ty ,  f t / s e c  

W weight r a t e  of flow, lb/sec 
-
X

C P  locat ion of the center  of pressure i n  wing chords with respect  t o  
the  wing leading edge 

Y dis tance outboard from the  model plane of symmetry, f t  

Z d is tance above the  moment center  measured perpendicular t o  the  
extended wing chord plane, f t  

a model angle of a t tack,  deg 

B angle of s ides l ip ,  deg 

6a a i l e ron  def lec t ion ;  (6aL/6aR = 60/80means l e f t  a i l e ron  a t  60' and 

r i g h t  a i l e ron  a t  80°) pos i t i ve  with t r a i l i n g  edge down, deg 

( r i g h t  a i l e ron  def lec t ion)  - ( l e f t  a i l e ron  def lec t ion)  

lower-door def lect ion,  pos i t ive  with t r a i l i n g  edge down, deg 

e leva tor  def lect ion,  pos i t i ve  with t r a i l i n g  edge down, deg 

f l a p  def lec t ion  (see f i g .  2 ( b ) )  pos i t i ve  with t r a i l i n g  edge down, deg 

downwash a t  the  ho r i zon ta l - t a i l  pos i t i on  (along the  50 percent t a i l  
chord l i n e ) ,  deg 

dimensionless spanwise locat ion,  	a b 
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E 


F 


a 

A 

d 

f 

R 


U 

augmented j e t  force  angle o r  j e t  angle evaluated f o r  the  present inves
t i g a t i o n  on t h e  s t a t i c  t es t  stand with reference t o  the  wing chord 
plane, deg 

Configuration Notation 

lower door extension (see f i g .  2 (b ) )  

end p l a t e s  on the  outboard edge of the  j e t  augmentor (see f i g .  l ( f ) )  

fences on top of the  wing near t he  wing-fuselage juncture (see 
f i g .  l ( f ) )  

Subs c r i p t  s 

a i l e ron  

augmented j e t  f l a p  

duct or lower door 

f l a p  

i sen t ropic  conditions 

je t ,  j e t  f l a p  

l i f t  or l e f t  s ide  

r i g h t  s ide  

uncorrected 

f r e e  stream 

MODEL AND APPARATUS 

Figures l(a) through ( e )  show the  model mounted i n  the  wind tunnel and 
on the  s t a t i c  t e s t  stand. 

Basic Model 

Geometric data  f o r  the model a re  presented i n  t ab le  I and sketches of 
t he  model a re  shown i n  f igu re  2. When the  hor izonta l  t a i l  was not used, it 
was replaced with a rake having f i v e  d i r ec t iona l  p i t o t  tubes. The wing was 
equipped with a ful l -span,  f ixed,  leading-edge s l a t  (see f i g .  2 ( c ) ) .  
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Blowing Systems 

The model w a s  equipped wi th  three blowing systems: the  j e t  augmentor, 
t ra i l ing-edge- f lap  BLC, and a i l e ron  BLC. A i r  supply f o r  t he  augmentor and 
a i l e ron  duct systems was provided by t h e  load compressor u n i t  shown i n  f i g 
ure  2 ( f ) .  The f l a p  BLC primary a i r  was supplied by t h e  5-85 compressor bleed.  
The load compressors were modified Viper engines driven by hot gases from a 
J-85 gas turb ine  engine. These hot  gases exhausted out  the  Viper t a i l  pipes.  
The augmentor, a i l e r o n  BLC and f l a p  BLC ducts  are shown i n  figure 2 (g ) .  Typi
c a l  va r i a t ions  of a i r f low quant i ty  and temperature measured i n  the  augmentor 
duct a r e  shown i n  f igu re  3. To ta l  pressure l o s s  i n  the  augmentor ducts 
between the  load compressor and t h e  primary nozzle w a s  below 4 percent  f o r  
most t e s t  conditions.  

J e t  augmentgr.- The j e t  augmentor was an e j e c t o r  system wtth the  forward 
w a l l. formed by the  wing, f i xed  vane, and lower door as shown i n  f igu re  2 ( d ) .  
The rear wal l  w a s  formed by the  upper door and t ra i l ing-edge f l a p .  Primary 
a i r  from the  load compressor was e j ec t ed  i n t o  the  augmentor which pumped i n  
secondary a i r  from the wing upper surface and from the  lower surface through 
the  two s l o t s  formed by the  nozzle, f ixed  vane, and lower door. The mixed j e t  
w a s  e jec ted  downward between the  f l a p  and lower door. The present  system w a s  
designed f o r  most e f f i c i e n t  operat ion f o r  a f l a p  def lec t ion  of about 65O. 

For given f l a p  def lec t ions ,  6f, t he  i n l e t  and e x i t  gaps, a and d (see 
f i g .  2(b)  sec t ion  A-A) were var ied remotely. The upper door l i p  could be 
var ied independently of t he  upper door t o  maintain unseparated flow a t  the  
leading edge. During most of t h e  t es t s  the l i p  w a s  f i xed  a t  a 5O def lec t ion  
as shown i n  f i g u r e  2 ( d ) .  The force  output of t h e  augmentor was var ied during 
the  t e s t s  by the adjustment of t he  t h r o t t l e  s e t t i n g  of the  gas generator.  

For the  s t a t i c  tests,  i n l e t  f a i r i n g s  were i n s t a l l e d  on the l i p  and s ide  
of the  augmentor t o  reduce t h e  s t a l l  ins ide  the  augmentor l i p  ( see  f i g .  l ( e ) ) .  

Flap BLC.- Compressor bleed a i r  was ducted t o  the f l a p  BLC nozzles as 
shown i n  f i g u r e  2 (g ) .  The nozzles were p a r t  of an e j e c t o r  system with the  
secondary a i r  en te r ing  through openings i n  the  upper door l i p  (see f i g s .  l ( e )  
and 2 ( d ) )  and flowing down ins ide  the  upper door t o  the  mixing chamber. Flap 
BLC flow quan t i t i e s  w e r e  var ied  f o r  a constant augmentor output by coordi
na t ing  the  5-85 t h r o t t l e  and compressor bleed valve. 

0For 6f = 100 , f l a p  construct ion w a s  such t h a t  a spanwise s l o t  on the  
f l a p  knee behind the  BLC nozzle was unported. (See f i g .  2(d) .) The s l o t  w a s  
1 inch wide and the  BLC j e t  sheet  had t o  c ross  i t  before  impinging on the  
surface of t h e  f l a p  radius .  

Aileron BLC.- A s  shown i n  f igu re  2 (g ) ,  t he  a i l e ron  BLC system was fed  
through the  forward air-supply duct of t he  j e t  augmentor. Aileron blowing 
w a s  therefore  coupled wi th  t h e  augmentor output and was never var ied inde
pendently. Airflow t o  the a i le rons  w a s  5 percent  of the  t o t a l  Viper com
pressor  output.  

6 




Modifications 

Modifications designed t o  improve s l i g h t l y  the  aerodynamic character
i s t i c s  of t he  model are as follows: Root fences w e r e  i n s t a l l e d  on the  model 
as shown i n  f igu res  l ( c )  and ( f )  . They extended 5 inches (7.4 percent) above 
the wing surfaces and w e r e  o r ien ted  p a r a l l e l  t o  t h e  model plane of symmetry 
coincident with t h e  inboard end of the j e t  augmentor. Augmentor end p l a t e s  
w e r e  i n s t a l l e d  a t  t he  outboard edge of t h e  augmentor as shown i n  f i g u r e  l ( f ) .  
The lower door extensions w e r e  7.5 inches (11percent  cref)  as shown on the  
sketch i n  f igure 2(b) .  Configuration notat ion will be F, E, and D f o r  t he  
roo t  fences, end p l a t e s ,  and the  door extensions, respect ively.  

TESTS 

S t a t i c  Tests  

The s t a t i c  tes ts  were made with the model 12 f e e t  above the  decking of 
t he  t e s t  s tand with t h e  model pi tched down 5O. The objec t ives  of these  t e s t s  
were t o  evaluate  the  s t a t i c  e f f i c i ency  of t h e  augmentor and t o  def ine the  
s t a t i c  forces  exer ted by the  th ree  blowing systems f o r  use i n  computing, CJA, 
Cpf, and CPa during the  wind-tunnel tes ts .  Tests  were made with and without 
the  upper door f l a p  assembly. With the  assembly in s t a l l ed ,  force  and moment 
data  were obtained a t  various lower door pos i t ions ,  d, f o r  a given power and 
f l a p  s e t t i n g .  For a l l  t e s t s ,  t h e  upper door was se t  a t  pos i t ions  t h a t  pre
vented flow separat ion in s ide  the  i n l e t  of t h e  augmentor. 

Wind-Tunnel T e s t s  

The t e s t s  were made pr imar i ly  with varying angle of a t t ack  a t  constant 
duct pressure and airspeed.  Table I1 may be used as an index t o  these tes ts .  
A few t e s t s  were made with varying f l a p  BLC. For a l l  t he  t e s t s ,  the  pos i t ions  
of the  upper door ( a  i n  f i g .  2 ( b ) )  o r  upper door l i p  were adjusted t o  main
t a i n  zero s t a t i c  pressure d i f fe rence  between the  upper and lower s ide  near t he  
l i p  of t he  upper door. The pos i t i on  of the  lower door (d  i n  f i g .  2 ( b ) )  was 
maintained a t  t he  pos i t i on  f o r  which a maximum augmentation r a t i o  was measured 
during the  s t a t i c  t e s t s  f o r  a given f l a p  se t t i ng .  An exception w a s  t he  100' 
f l a p  s e t t i n g  f o r  which d w a s  l imi ted  t o  about 3.0 inches by model cons tmc
t i o n  f a c t o r s .  

The angle-of-attack range f o r  t he  tes t s  w a s  -12O t o  +29. The yaw range 
was 0' t o  12'. The model w a s  t e s t e d  with f l a p  s e t t i n g s  of  30°, 45O, 60°, TO0,  
and looo, and a i l e r o n  s e t t i n g s  from Oo t o  70'. Most of t he  t e s t s  were made a t  
a dynamic pressure of 8 psf equivalent  t o  a Reynolds number of 3.oX106 based 
on the  wing roo t  chord. A f e w  t e s t s  were made a t  dynamic pressures  of 5, 12, 
and 20 psf .  



DATA ACQUISITION AND REDUCTION 

Data Acquisit ion 

Three-component force  and moment data  were obtained during the  s t a t i c  
t e s t s ,  and six-component data  were obtained during the  wind-tunnel tests. For 
a l l  t e s t s ,  the  moment center  was located a t  t he  c r /4  point  and 0.20 C y  below 
the  wing chord plane.  

Total  and s t a t i c  duct pressures and temperatures a t  spec i f i c  measuring 
s t a t ions  i n  the  duct systems w e r e  recorded f o r  the  th ree  blowing systems. 
Cal ibrat ions of t he  duct system and load compressor p r i o r  t o  model assembly 
were used t o  evaluate  mass r a t e s  of flow. The ca l ib ra t ions  of the  load com
pressor  were a l so  used t o  evaluate t a i l - p i p e  thrust as  funct ions of t a i l -p ipe  
t o t a l  pressure and temperature. During the  s t a t i c  t e s t s ,  the  t a i l -p ipe  
exhaust def lec t ion  was measured by means of a t o t a l  head rake 10 f e e t  behind 
the  t a i l  pipes.  The center  of the  wake was found t o  be within 1' of being 
p a r a l l e l  t o  the  wing chord plane. 

Other data  obtained during the  t e s t s  were as  follows: surface pressure 
measurements of t he  j e t  augmentor and con t ro l  surfaces  a t  t he  49 and 84 per
cent s t a t ions  ( 7  = 0.49 and 0.84); augmentor e x i t  t o t a l  and s t a t i c  pressure 
d i s t r ibu t ions  a t  one spanwise s t a t ion ;  measurements from a t o t a l  head rake 
on the  upper surface near the  t r a i l i n g  edge o f  t he  f l a p ;  d i r ec t iona l  p i t o t  
s t a t i c  measurements o f  downwash a t  the h o r i z o n t a l - t a i l  pos i t ion ;  and photo
graphs of wing surface t u f t s  f o r  most t e s t  conditions.  

Data Reduction 

Blowing parameters.- Thrust values measured during the  s t a t i c  t e s t s  
were used t o  ca lcu la te  the  blowing parameters f o r  each t e s t  condition f o r  
corresponding j e t  augmentor o r  f l a p  configurations and duct pressures.  

Force and moment data . - For a l l  force  and moment data  presented, the  
e f f e c t s  of load compressor t a i l - p i p e  t h r u s t  and i n l e t  ram drag have been 
subtracted from the  measured values. For t e s t s  with the  model yawed, the 
forces  were resolved with respect  t o  the wind axes and the  moments, with 
respect  t o  the s t a b i l i t y  axes. Corrections t o  wind-tunnel force  and moment 
measurements were as  follows: 

CL = C% - (cT - cDm)s ina 

cy = c - (cT - CD )cos a s i n  
YU m 
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C l  = Cl, 

where C k ,  C%, Cmu, Cyu, Cnu and Cl, were the  coe f f i c i en t s  based on mea
sured force  and moments, and a and $ were geometric angles of a t t ack  and 
yaw. 

Wind-tunnel w a l l  correct ions.- For power-off t e s t  r e s u l t s ,  correct ions 
f o r  wind-tunnel w a l l  cons t ra in t  were applied t o  the  data  a s  follows: 

CD = (2% + 0.0077 C h 2  

The power-on t e s t  r e s u l t s  a r e  presented f o r  a l l  t he  t e s t s  without correc
t ions  f o r  wind-tunnel wal l  e f f ec t s ,  bu t  some discussion and summary f igu res  
presented a re  based on corrected data.  The method used f o r  correct ing the  
data  i s  described i n  reference 6 and w i l l  be re fer red  t o  as  t he  ' t C ~ m o t '  
method. Corrections were obtained using the r e l a t ions  f o r  the  power off case 
and replacing C h  with an e f f ec t ive  c i r cu la t ion  l i f t  coe f f i c i en t  obtained by 
subtract ing f rom c b  the  reac t ion  l i f t  r e su l t i ng  from the blowing systems, 
t h a t  i s ,  the summation of the v e r t i c a l  components of C J ~ ,  Cpa, and Cpf. 
The correct ions are ,  therefore :  

with the  hor izonta l  t a i l  on, 

A sampling of the  data  corrected by t h i s  method i s  presented i n  f igu re  4 f o r  
comparison with the  uncorrected r e s u l t s  and the  r e s u l t s  corrected by the  
methods of Heyson and Maskell (see r e f s .  7 and 8) .  The Heyson method incor
porated the  modification suggested i n  reference 9 i n  which the  wake def lec t ion  
angle given i n  reference 7 was halved before the  wal l  cons t ra in t  e f f e c t s  were 
calculated.  The th ree  methods a re  shown t o  agree wel l  f o r  angle of  a t t ack  
but the  Heyson method gives somewhat higher drag correct ions.  

RESULTS 

S t a t i c  Test Results 

Measurements made during the  s t a t i c  tests a re  presented i n  f igu re  5 i n  
the  f o r m  of augmentation r a t i o s ,  t h a t  is ,  the  r a t i o s  of t he  measured reac t ion  
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force  t o  t he  i sen t ropic  force  JI = m j V j I ,  where Vj, i s  the  j e t  ve loc i ty  
calculated assuming i sen t ropic  flow conditions and m j  was the  measured mass 
flow r a t e .  These resul ts  were assumed t o  be representa t ive  of the  j e t  aug
mentor performance throughout the  wind-tunnel t e s t s  and were used t o  compute 
C j A  = (S ta t i c ,  augmented j e t  force/qS) f o r  given lower door pos i t ions  and 
pressure r a t i o s .  For the  discussion t h a t  follows, the  performance of t he  
primary nozzle w i l l  be assumed as  indicated by t h e  data  i n  f igu re  5(a).  
These measurements were made with t h e  f l a p  and upper door removed bu t  with 
the  Coanda surface and lower door i n  place.  

During the  wind-tunnel t e s t s ,  t he  optimum locat ions of the  lower door 
were used which produced the  highest  augmentation r a t i o s  shown i n  f igu re  5. 

Figure 6 shows the  va r i a t ion  of j e t  angle with f l a p  s e t t i n g .  J e t  angle, 
8 ,  i s  defined as  the  angle between the  wing-reference plane and the  j e t  force  
vector a t  zero airspeed. For the  present i n s t a l l a t i o n ,  the  equivalent j e t  
angle was general ly  loo l e s s  than the f l a p  se t t i ng ,  6f. The j e t  force  vector 
would then be p a r a l l e l  with the  lower surface of  t he  f l a p ;  see f igu re  2 (d ) .  

Wind -Tunne 1 Results 

The bas ic  wind-tunnel data  a re  presented i n  f igu res  7 through 24. 
Table I1 i s  an index t o  the  f igures .  No wind-tunnel wall correct ions have 
been applied t o  these data. Values o f  CJ, CPf, and CPa l i s t e d  i n  the  

f igu res  were the  averages obtained during the  polars  p r i o r  t o  wing s t a l l .  
The excursions of the ac tua l  values from the  averages p r i o r  t o  s t a l l  were 
within 3 percent. After  s t a l l i n g  was i n i t i a t e d  (general ly  a t  the  wing roo t ) ,  
the  excursions were sometimes as  high as  6 percent of  t he  average values. 

Leading-edge s l a t s . - Test r e s u l t s  showing the  e f f e c t  of the leading-edge 
s l a t s  a re  presented i n  f igure  7 f o r  6f = 0, i n  f igu res  18(a) and (b)  f o r  
6f = 60° horizontal  t a i l  o f f ,  and i n  f igu re  2O(d) f o r  the  hor izonta l  t a i l  on. 
Because of the improvements i n  aerodynamic c h a r a c t e r i s t i c s  achieved by the 
s l a t s ,  a l l  o ther  t e s t  r e s u l t s  were obtained with fu l l - span  s l a t s  i n s t a l l ed .  

Flap def lec t ion . - Test data f o r  the  model with the  hor izonta l  t a i l  o f f  
a re  presented i n  f igu res  8 through 14  f o r  6f = 30' t o  looo. For a j e t  
coe f f i c i en t  of  CJ = 0.81 in te rpola ted  data  a re  presented i n  f igu re  1-5 f o r  
severa l  f l a p  def lect ions.  

J e t  coef f ic ien t . - The var ia t ions  of l i f t  with CJ f o r  constant angle of 
a t t ack  a re  presented i n  f igu re  16 f o r  6f = 60° and 70'. Data i n  f igu re  16 
f o r  other  t e s t  dynamic pressures f a i r  i n  smoothly with the  measurements a t  
q = 8 psf ,  demonstrating t h a t  CJ as  based on measured s t a t i c  t h r u s t  serves 
well  as  a cor re la t ing  parameter. 

Symmetrical a i le ron  droop.- The e f f e c t s  of  symmetrical-aileron droop 
are  presented i n  f igu res  10, 12(d) ,  13(d) ,  and 14(b) f o r  6f = 45' t o  100'. 
Because the  j e t  augmentor a i r  supply was coupled with the  a i l e ron  BLC system 
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supply, the  e f f e c t s  of a i l e ron  BLC could not be i so l a t ed  from the  e f f e c t s  of 
augmented-jet t h r u s t  i n  t he  wind-tunnel t e s t s .  

Flap BLC.- Variat ions of CL with Cpf for constant CJ and a are  pre
sented i n  f igu re  1.7. Tuft observations indicated t h a t  f o r  the  highest  values 

Of cvf obtained with 6f = looo, t he  f l o w  over the f l a p  was separated even 
though, as  shown i n  f i g u r e  17, a l i f t  increment of  0.5 was obtained when BLC 
was used (CJ = 0.8). 

Wing modifications.- Data ind ica t ing  the  e f f e c t s  of doors, end p la tes ,  
and root-fences with power on a re  presented i n  f igu re  19. No t e s t s  were made 
with a l l  modifications removed. However, t u f t  pa t te rns  showed t h a t  the  p r i 
mary e f f e c t  of  the  fences was a small delay i n  the  onset of  root  s t a l l  f o r  
model a t t i t u d e s  between 0' and 4'. This delay indicated t h a t  f o r  t he  lower 
l i f t  range, the fence had l i t t l e  e f f e c t  on the force  cha rac t e r i s t i c s  of t he  
model. For t he  lower l i f t  range, the  combined e f f e c t  of t he  door extensions 
and end p l a t e s  was t o  increase CL by 0.2 and decrease Cm by 0.1 from t h a t  
f o r  the  model with the r o o t  fences in s t a l l ed .  

Results with the  hor izonta l  t a i l  on.- Data a re  presented i n  f igu re  20 
f o r  the  model-with the  hor izonta l  t a i l .  Since t e s t s  with the  t a i l  on were 
l imited t o  f l a p  def lect ions of 60° and looo, downwash measured with a s e t  of 
d i r ec t iona l  probes mounted i n  place o f  t he  horizontal  t a i l  a re  presented i n  
f igu re  21 f o r  the  full range of  f l a p  s e t t i n g s  considered with t a i l  o f f .  Mea
surements of the l o c a l  dynamic pressure indicated t h a t  f o r  the  conditions 
represented by f i g u r e  21, the  l o c a l  values were within 3 percent of the  f r e e -
stream dynamic pressure.  Calculated pitching-moment contr ibut ions of t he  
hor izonta l  t a i l  based on the  data  o f  f i gu re  21 indicated t h a t  the  same degree 
of s t a t i c  s t a b i l i t y  would be contr ibuted by the  hor izonta l  t a i l  wi th  the 30' 
and TO0 f l a p  se t t i ngs  as  was measured with t h e  60° and 100' se t t i ngs .  

La te ra l  and d i r ec t iona l  r e su l t s . - Six-component data showing the  e f f e c t  
of  s i d e s l i p a n d  a i le rons  a re  presented i n  f igures  22 through 24 f o r  the model 
with the  60° f l a p  se t t i ng .  The contr ibut ion of the v e r t i c a l  t a i l  may be seen 
by comparing f igures  22 and 23. 

The e f f e c t  of d i f f e r e n t i a l  a i l e ron  def lec t ion  i s  summarized i n  f igu res  
25(a) and (b)  f o r  s i d e s l i p  angles of Oo and -80. The a i le ron  provided e f f ec 
t i v e  l a t e r a l  cont ro l  a t  l o w  angles of a t tack,  bu t  as  angle of a t t ack  was 
increased, con t ro l  e f fec t iveness  decreased cons is ten t ly  and adverse yaw 
increased. A s  an evaluat ion of the  measured a i l e ron  effect iveness ,  values, 
shown i n  f igu re  25, were ca lcu la ted  according t o  antisymmetric loading theory 
of reference 10 with t h e  addi t ion of t he  antisymmetric react ion force  due t o  
the  a i l e ron  BLC je ts . '  A s  shown, the  ca lcu la t ions  agree with the  measured 

0
values f o r  a = 0 , ind ica t ing  t h a t  the a i le rons  were operating e f f i c i e n t l y  
f o r  t he  l o w  a i r c r a f t  a t t i t u d e s .  I n  comparison t o  the r o l l i n g  moments mea
sured f o r  the  model i n  s ides l ip ,  the  l a t e ra l - con t ro l  effect iveness  of t he  

'The reac t ion  force  coe f f i c i en t  due t o  a i l e ron  BLC was assumed t o  be, 
$pa(sin 6~ - s i n  6 ~ )where { was 0.86. 

11 




present a i l e ron  configuration appears t o  be adequate f o r  trimming t h e  a i r c r a f t  
a t  s i d e s l i p  angles up t o  about 8' a t  16O angle of a t tack .  

The adverse yaw due t o  the  a i le rons  increased with angle of a t t ack  f r o m  
-(ACn/AC2)6, = 0.34 a t  a = -8' t o  0.77 a t  u = 8'. These values a re  con

sidered la rge  compared t o  des i rab le  l a t e r a l  con t ro l  cha rac t e r i s t i c s  and should 
be a subject  f o r  f'uture research. 

DISCUSSION 

J e t  -Augmentor Performance 

Zero a i r s  eed.- With t h e  complete j e t  augmentor assembly, t he  s t a t i c  t e s t  
r e s u i F k 5 )  show t h a t  f o r  a given f l a p  se t t i ng ,  augmentation r a t i o s  
were sens i t ive  t o  lower door posi t ion,  with s l i g h t l y  lower values measured 
f o r  t he  higher pressure r a t i o s .  Results o f  i n i t i a l  s t a t i c  t e s t s  ( f o r  which 
data  have not been presented) indicated t h a t  upper door pos i t ion  had l i t t l e  
or no e f f e c t  on augmentation r a t i o  unless  f l o w  separat ion occurred on the  
inside surface of the  upper door. 

Figure 26 shows t h a t  near m a x i m u m  values of augmentation r a t i o  were 
obtained f o r  t he  design f l a p  se t t i ngs  of 60° and 70'. The augmentation r a t i o  
dropped rap id ly  as  f l a p  def lec t ion  was e i t h e r  increased or decreased from 
these se t t i ngs .  The augmentation of  t he  i sen t ropic  t h r u s t  f o r  6f = 60° and 
70' was JA/JI = 1.25, and the  augmentation of t he  measured primary j e t  (with 
upper door f l a p  assembly removed) was JA/Jp= 1.42. This performance was 
s imi la r  t o  t h a t  obtained with the  small bench model Coanda e j ec to r s  of r e f e r 
ence 11which were s imi la r  i n  configuration t o  t h e  present j e t  augmentor. 

For the  off-design f l a p  se t t i ngs ,  smoke flow s tudies  and o i l  residue 
pa t te rns  indicated t h a t  flow separation occurred f o r  6f = 30° and 45'. 
For 6f = 100' l o c a l  f l o w  separation was extensive on the  lower door i m e 
d i a t e l y  behind the Coanda surface.  Consequently, the  off-design performance 
of the augmentor could probably be improved i f  the Coanda surface were 
ro ta ted  as  f l a p  def lec t ion  was changed. Further  improvement f o r  6f = 100' 
could probably be obtained by minimizing the  reduction of augmentor th roa t  
area as  f l a p  def lec t ion  was increased beyond the design se t t i ngs .  

The e f f e c t  of-aLr-speed. - During the  wind-tunnel t e s t s ,  the  performance 
of t he  j e t  augmentor was monitored a t  one wing s t a t i o n  by means of a t o t a l  
and s t a t i c  pressure rake. Typical ve loc i ty  p r o f i l e s  of the  augmentor exhaust 
measured a t  a free-stream dynamic pressure of  7.8 psf a re  presented i n  f i g 
ure  27. The measurements indicate  t h a t  t h e  augmentor was f'unctioning as  an 
e f f i c i e n t  e j ec to r  pump. For CJA = 1.26, t he  i sen t ropic  ve loc i ty  of the  
primary j e t  was 1210 f t / sec ,  with the  ve loc i ty  d i s t r i b u t i o n  a t  the  augmentor 
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exhaust showing a p r o f i l e  s imi la r  t o  t h a t  o f  wel l  developed channel flow with 
a m a x i m  ve loc i ty  of 415 f t / s ec .  

In tegra t ion  of t he  rake measurements gave values of CJA c lose t o  those 
based on s t a t i c  j e t  force  measurements f o r  corresponding power s e t t i n g s  and 
lower door se t t i ngs .  For example, with t h e  conditions of 6f = 60° and 
CJA = 1.26, and u n i f o r m  augmentor performance assumed along the  span, the  
value of  CJ obtained from t h e  rake measurements was 1.30. This r e s u l t ,  as  
w e l l  a s  the  data  of f igu re  16, indicated no reduction i n  augmented je t  t h r u s t  
with increasing airspeed f o r  the  range of airspeeds tes ted .  

Ef fec t  of t h e  Augmentor on the  Longitudinal 
Charac te r i s t ics  of  the  Model 

Data f o r  zero s i d e s l i p  showing the  e f f e c t  of augmentor operation on the  
longi tudinal  cha rac t e r i s t i c s  of t h e  model have been corrected f o r  wind-tunnel

~ ~wall  e f f e c t s  by means o f  t he  C L method ~described i n  reference 6. The 
r e s u l t s  considered i n  the  following discussion a re  based on these corrected 
data  f o r  the  model with ful l -span leading-edge s l a t s  i n s t a l l e d  unless  other
wise noted. The e f f e c t s  of end p l a t e s ,  fences, and door extensions were 
small compared t o  the  e f f e c t s  of CJA and 6f ( a s  shown i n  f i g .  l9), and the  
bas ic  t es t  data  a re  used here without adjustment f o r  these e f f e c t s .  

L i f t  a t  zero angle of  a t tack . - The var ia t ions  of l i f t  coe f f i c i en t  f o r  
a = 0' with j e t  coe f f i c i en t  a r e  presented i n  f igu re  28(a) f o r  the f l a p  
s e t t i n g s  invest igated.  The measurements show t h a t  r a t i o s  of l i f t  increase 
t o  the  equivalent reac t ion  lift change due t o  the  j e t ,  CJ s i n  0 ,  varied from 
about 3.4 t o  1.4 for 6f from 4 5 O  t o  TO0.  

The var ia t ions  of l i f t  with f l a p  def lec t ion  f o r  CJ = 0.81 as  affected 
by symmetrical a i le ron  def lec t ion  and f l a p  BLC are  presented i n  f igu re  28(b).  
Deflecting the a i le rons  symmetrically t o  45' increased l i f t  coef f ic ien t  0.5 
.which was twice t h a t  predicted by l i n e a r  theory. Additional l i f t  was obtained 
by increasing the  a i l e ron  droop t o  TO0 f o r  the  higher f l a p  def lect ions.  These 
r e s u l t s  show t h a t  there  was a favorable influence of the  a i le rons  on the  aug
mented je t  f l a p  l i f t .  

Figure 28(b) a l so  ind ica tes  t h a t  l i f t  increments due t o  BLC were s i g n i f 
ican t ,  bu t  these increments did not increase f o r  f l a p  def lec t ions  above 600. 
I n  addition, with or without BLC, m a x i m u m  values of l i f t  a t  a = Oo w e r e  
measured a t  about 6f = TO0. For 6f = looo, t u f t  pa t te rns  indicated t h a t  
flow separation appeared on most of the  f l a p  surface behind the  f l a p  knee f o r  
a l l  t e s t  conditions, and the  use of the  ex i s t ing  BLC system improved the  flow 
only i n  the  v i c i n i t y  of t h e  f l a p  knee. The above r e s u l t s  i l l u s t r a t e  t he  need 
f o r  a more e f fec t ive  BLC system i n  order t o  increase the  f l a p  l i f t  e f f ec t ive 
ness a t  t he  high f l a p  se t t i ngs .  

S t a l l  cha rac t e r i s t i c s . - The fu l l - span  s l a t s  were e f f ec t ive  i n  increasing 
the  angle of a t t a c k  f o r  wing s t a l l  o r  maximum l i f t  from loo t o  18O (see 
f i g .  18 f o r  6f = 60~). With or without s l a t s ,  flow separat ion i n i t i a t e d  a t  



t h e  wing root  near 0' angle of a t t a c k  i n  t h e  form of a wedge of separated 
flow with i t s  apex a t  t he  in t e r sec t ion  of t h e  leading edge and fuselage.  A s  
angle of a t t a c k  was  increased t o  CL = bo, t h i s  a rea  of separated flow pro
gressed back t o  t h e  jet-augmentor in take  and increased i n  width. A s  angle of 
a t t a c k  increased t o  t h a t  near C h a t  t h e  a rea  of separated flow progressed 
outboard r ap id ly  when t h e  s l a t s  were r e t r ac t ed .  With t h e  s l a t s  i n s t a l l e d ,  
t h i s  outboard progression of the flow was  delayed; consequently CL" 
increased even though t h e  upper surface of t h e  s l a t  was s t a l l e d .  With t h e  
s l a t s  on, t h e  flow on the  outboard wing panels ahead of t he  a i l e rons  d id  not 
separate.  These r e s u l t s  i nd ica t e  t h a t  higher s l a t  def lec t ions ,  p a r t i c u l a r l y  
on the  inboard wing sections,  would b r ing  f u r t h e r  delays i n  wing s t a l l  and 
increases i n  cLmax* 

Maximum l i f t . - The va r i a t ion  of C h a x  with j e t  c o e f f i c i e n t  f o r  t he  
model with leading-edge s l a t s  i n s t a l l e d  i s  presented i n  f i g u r e  29. For 
values of CJ between 0.8 and 2.0, t he  r a t i o  of t h e  increase i n  C h a x  t o  
the  corresponding increase i n  CJ was about 2 f o r  f l a p  s e t t i n g s  of 60° and 
higher. Figure 29 demonstrates t h a t  f o r  the  given wing leading-edge con
f i g u r a t i o n  ( f i l l - s p a n  s l a t s ) ,  c k a x  f o r  t h e  higher f l a p  de f l ec t ions  was 
l a rge ly  dependent on j e t  coe f f i c i en t  and t o  a l e s s e r  degree on f l a p  s e t t i n g .  

Lift-Drag Charac te r i s t i c s  of the  Model 

Drag po la r s  f o r  s eve ra l  f l a p  configurations and power s e t t i n g s  a re  pre
sented i n  f igu re  30. Lines representing conditions f o r  constant descent 
angle are superimposed on the  data.  The da ta  on t h e  l e f t  s ide  of t he  f i g u r e  
show t h a t  a t  maximum l i f t ,  t he  descent angle would be about 8' f o r  a l l  j e t  
coe f f i c i en t s  with 6f = 60°; t he  data on the  r i g h t  show t h e  e f f e c t  of f l a p  
s e t t i n g .  For CJ = 0.81 a maximum descent angle c a p a b i l i t y  of 15' was 
obtained with 6f = looo, 6, = 45O, and Cpf = 0. With 6f = 70' and 
CJ = 1.30, a maximum l i f t  c o e f f i c i e n t  of over 6 was obtained while a 10' 
descent angle c a p a b i l i t y  was maintained. 

Longitudinal S t a b i l i t y  and Control 

Pitching-moment da ta  f o r  t he  model with t h e  ho r i zon ta l  t a i l  a r e  pre
sented i n  f i g u r e  31. The da ta  which have been cor rec ted  f o r  wal l  cons t r a in t  
e f f e c t s  on the  downwash show increases i n  s t a b i l i t y  and s t a b i l i z i n g  moments 
through s t a l l .  

The da ta  of f igu re  31 were used t o  derive the  c h a r a c t e r i s t i c s  of t he  
model trimmed f o r  l e v e l  f l i g h t .  These r e s u l t s  a re  presented i n  f i g u r e  32 
f o r  a s t a t i c  margin of 5 percent. I n  addi t ion  t o  the  t r i m  data obtained 
d i r e c t l y  from the  t e s t  data ( t a i l  volume c o e f f i c i e n t  = 1.35), t r i m  charac
t e r i s t i c s  were estimated f o r  t he  trimmed model with a smaller volume coef
f i c i e n t  of 1.0. (It was assumed here t h a t  t h e  cont r ibu t ion  of t he  t a i l  t o  
t he  p i tch ing  moment was propor t iona l  t o  t a i l  volume only.) The required 
moment centers  ( f o r  a 5 percent s t a t i c  margin and CJ = 1.15) were 0.30 and 
0.37 C y  f o r  t a i l  volumes of 1.00 and 1.35, respec t ive ly .  The r e s u l t s  of 
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these  t r i m  ca l cu la t ions  show t h a t  t h e  model could be trimmed with moderate 
e leva tor  s e t t i n g s  with the  smaller t a i l  volume of 1.0 (which i s  t y p i c a l  of t he  
values incorporated i n  some cur ren t  STOL a i r c r a f t ) .  The da ta  of f igu re  15 
ind ica ted  t h a t  t he  maximum moments required f o r  t r i m  were obtained with f l a p  
de f l ec t ions  between 60° and TO0 f o r  CJ = 0.81. Since i n  any spec i f i c  a i r 
c r a f t  appl ica t ion ,  t a i l  incidence and center of g rav i ty  could be variables,  
it appears t h a t  p i t c h  c o n t r o l  would not be l imi t ing  f o r  the present f l a p  
conf igura t  ion. 

Comparison With J e t  Flap Charac t e r i s t i c s  

Since both t h e  augmented-jet f l a p  and j e t  f l a p  concepts could be applied 
t o  t h e  same type of a i r c r a f t  ( i . e . ,  gas turb ine  powered STOL a i r c r a f t ) ,  it i s  
of i n t e r e s t  t o  compare t h e  r e l a t i v e  merits of each concept. The fundamental 
s i m i l a r i t y  between the  two concepts i s  t h a t  i n  both  cases a j e t  sheet i s  
expelled a t  the  t r a i l i n g  edge of t h e  wing. I n  the  case of a j e t  f l a p ,  t h e  
high ve loc i ty  j e t  i s sues  out a t  t he  knee of the  f l a p  and i s  blown along the  
upper surface of t he  f l a p .  Two- and three-dimensional t heo r i e s  developed by 
Spence and Maskell f o r  t h i s  f l a p  a r e  presented i n  references 12 and 13. 
Numerous experimental r e s u l t s  e x i s t ,  some of which a re  presented i n  r e f e r 
ences 1 through 4. I n  t he  case of t he  augmented j e t  f l a p ,  the  high ve loc i ty  
j e t  combines with the  secondary a i r  and exhausts a t  an angle approaching the  
de f l ec t ion  of t h e  t ra i l ing-edge  f l a p  between boundaries cons is t ing  of t h e  
t ra i l ing-edge  f l a p  and the  lower door. Because a theory t h a t  f u l l y  accounts 
f o r  t h i s  configuration i s  lacking, t he  following comparisons are based p r i 
marily on t e s t  r e s u l t s .  

J e t  t h r u s t . - A s  ind ica ted  i n  f i g u r e  26 f o r  t he  augmented j e t  f l a p  a t  an 
o p t i r "  f l a p  s e t t i n g  of 60° o r  TO0, t he  augmentor increased t h e  ava i lab le  
i sen t ropic  t h r u s t ,  JI, by the  r a t i o  of 1.25. A s imi l a r ly  defined r a t i o  o f  
s t a t i c  t h r u s t  t o  i s en t rop ic  thrust  f o r  high ve loc i ty  j e t s  i s su ing  from j e t  
f l a p s  would f a l l  between 0.75 and 0.85 f o r  t he  configurations discussed i n  
references 1 t o  4. I f  a value of 0.8 i s  assumed, t he  s t a t i c  t h r u s t  from the  
augmentor would then be 1.25/0.8 o r  about 1 . 5  times t h a t  of a j e t  f l a p  f o r  
the same i sen t rop ic  t h r u s t .  If the  ex te rna l  aerodynamics of an a i r c r a f t  with 
a j e t  augmented f l a p  a re  assumed t o  be equivalent t o  those of an a i r c r a f t  
equipped with a bas i c  j e t  f l a p  f o r  t h e  same j e t  reac t ion ,  a propulsive system 
would be required f o r  t he  augmentor wing which produces only two-thirds of 
t he  i sen t ropic  t h r u s t  of t h a t  required f o r  a j e t  f lapped a i r c r a f t .  

-L i f t . - Flap l i f t  increments a s  functions of j e t  c o e f f i c i e n t  (a. = Oo) are  
presented i n  f i g u r e  33(a) f o r  t h e  augmented-jet f l a p  model and i n  f igu re  33(b) 
f o r  bas i c  j e t  f l a p  models. The da ta  f o r  the  augmented j e t  f l a p  were adjusted 
to  zero symmetric a i l e r o n  de f l ec t ion  by means of the  symmetrical a i l e r o n  l i f t  
increments measured with 6f = 45'. For t h e  j e t  f l a p  models, t he  measured 
l i f t  increments were adjusted f o r  f l a p  span and wing planform changes t o  t h a t  

, .....,.,. ,,...... , 



of the  present model configuration by means of t h e  l i n e a r  theory of r e f e r 
ence 14.2 The assumption was made t h a t  l i f t  i s  proport ional  t o  (1 + t / c )  
(see re f .  13).  Where s t a t i c  j e t  thrust data  were not avai lable ,  the  s t a t i c  
t h r u s t  was assumed t o  be 85 percent of the  i sen t ropic  value. The corre
sponding values of j e t  coef f ic ien ts  were derived by assuming them propor
t i o n a l  t o  sF/s. 

Values of l i f t  increment presented i n  f igu res  33(a) and (b) corresponding 
t o  CJ = 1.15 a re  shown i n  f igure  34 as  funct ions of j e t  angle. The theo
r e t i c a l  values were derived by combining l i n e a r  span loading theory and the  
two-dimensional l i f t  effect iveness  f o r  j e t  f l a p s  presented i n  reference 12. 
For j e t  angles of 60° and l e s s ,  the  augmented j e t  f l a p  produced s l i g h t l y  
higher l i f t  increments than the  bas i c  j e t  f l aps .  The curvature or t he  reduc
t i o n  i n  slope of the augmented j e t  f l a p  da ta  i s  probably caused by the  reduc
t i o n  of  f l a p  BLC ef fec t iveness  with increasing f l a p  def lect ion.  If the  theory 
adequately pred ic t s  t h e  e f f e c t  of f l a p  chord, the  differences i n  l i f t  incre
ments between the  two f l a p  systems could be accounted f o r  by differences i n  
f l a p  chord. If it i s  assumed t h a t  f o r  i d e n t i c a l  j e t  reac t ion  forces  the 
ex terna l  aerodynamics of t he  two types of f l a p  a re  equivalent ,  f o r  t he  same 
isentropic  j e t  th rus t , the  lift of the  augmented j e t  f l a p  would be 22 percent 
higher (assuming AC!L - C j ) 1 / 2  than t h a t  of the  j e t  f l a p  s ince the  r a t i o  of 
measured j e t  reac t ion  forces  of t he  two systems was 1.5. 

Center-of -Pressure Location 

Figure 35 shows center-of-pressure var ia t ions  with f l a p  l i f t  increment 
f o r  the augmentor wing and j e t  f l a p  models f o r  a j e t  angle of 60°. All curves 
represent  conditions with the  models a t  zero angle of  a t t ack  with the  j e t  
coe f f i c i en t  varying. For comparison, the  j e t  f l a p  center-of-pressure loca
t ions  were adjusted forward by an amount calculated t o  represent  the induced 
e f f e c t s  of the  flapped sect ions on the outboard wing panel of the  augmented 
j e t  f l a p  model, Since a l l  models (except t h a t  of  r e f .  1) had fuselages, none 
of the  da ta  were adjusted f o r  fuselage induced e f f ec t s .  The r e s u l t s  i n  f i g 
ure  35 ind ica te  t h a t  the  center-of-pressure locat ions on the  augmented j e t  
f l a p  model were about 10-percent chord forward of  t he  locat ions measured on 
the  j e t  f l a p  models (with f l a p  chord r a t i o s  of about 0.1). The e f f e c t  of 
f l a p  chord predicted by the two-dimensional theory of reference 12 ind ica tes  
t h a t  the  la rger  e f f ec t ive  f l a p  chord could account, i n  par t ,  f o r  the  more 
forward center-of-pressure locat ions of t he  augmented j e t  f l ap .  

~-
~~ _ _  - .

2The l inea r  theory of  reference 14  gives the  f l a p  l i f t  effect iveness  
parameters as  a funct ion of f l a p  span. Where XLJ i s  the  measured l i f t  
increment f o r  t he  corresponding j e t  f l a p  model, the  adjusted l i f t  increment 
based on the  augmented j e t  f l a p  model geometry i s  
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CONCLUDING RFSIARKS 


Results of t he  s t a t i c  tes ts  showed t h a t  t he  thrust of t he  augmented j e t  
f l a p  was about 1.42 times t h e  measured thrust and 1.25 t i m e s  t h e  i sen t ropic  
t h r u s t  of the  primary je t  f o r  f l a p  def lec t ions  of 60° and 70'. No s i g n i f i 
cant reduction i n  augmentation r a t i o  was measured a t  forward speed. 

Results of t he  wind-tunnel t e s t s  showed the  following: (1)For a f l a p  
s e t t i n g  of 60°, m a x i m  l i f t  coe f f i c i en t s  of about 6 were obtained f o r  a j e t  
coe f f i c i en t  of 1.30 f o r  the  model with a f i l l - span  leading-edge s l a t ;  (2) f o r  
angles of a t t ack  p r i o r  t o  wing s ta l l ,  symmetrical a i l e ron  def lec t ion  and f l a p  
BLC each increased l i f t  coef f ic ien t  about 0.5; (3) f o r  the  complete model with 
a high posit ioned hor izonta l  t a i l  wi th  a t a i l  volume of 1.0, t he  model could 
be trimmed f o r  a l l  f l a p  se t t i ngs ,  and t h e  pitching-moment changes measured 
through wing s t a l l  w e r e  s t ab i l i z ing .  

Comparisons with conventional j e t  f l a p s  showed tha t ,  f o r  j e t  angles of 
60° and f o r  t he  same j e t  reac t ion  forces ,  the augmented j e t  f l a p  produced 
s l i g h t l y  higher l i f t  and more forward center-of-pressure locat ions than those 
produced by 10-percent chord j e t  f l aps .  For the  same i sen t ropic  th rus t ,  t he  
augmented j e t  f l a p  produced 50 percent more j e t  force  and 22 percent more l i f t  
than t h a t  of the j e t  f l ap .  

Ames Research Center 
National Aeronautics and Space Administration 

Moffett Field,  Cal i f . ,  94035, Mar. 12, 1968 
721-01-00-14-00-21 
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TABLE I..GEOMETRIC DATA 

Wing 
Area. s q f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  222 
Span ( t i p  radius f a i r i n g s  o f f )  f t  . . . . . . . . . . . . . . . . . .  42.16 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.0 
Root chord. cy. f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  5.67 
Tip chord. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.83 
Mean aerodynamic chord. f t  . . . . . . . . . . . . . . . . . . . . . .  5.39 
A i r f o i l  sect ion 16 percent NACA 747A forward of 

40 percent c 
NACA 0016.34. a f t  of  4.0 percent 
camber 2.23 percent C L = 0.3 ~ ~ ~ ~ ~ ~ 

Fuselage 
Width. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.29 
Height. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.29 
Length. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35.33 

Horizont a 1  ta i1 
Area. s q f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  75.0 
Span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .17.28 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.98 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.67 
R o o t c h o r d . f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.20 
Location of  t a i l  C/4. 

Z / C r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-26 
l / C r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-99 

Elevator area. sq f t  . . . . . . . . . . . . . . . . . . . . . . . . .  37.5 

Vert ical  t a i l  
Area. sq f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33.3 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.04 
Span (above top of  fuselage).  f t  . . . . . . . . . . . . . . . . . . .  5.88 
Chord (constant)  . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.67 
Sweep. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34.9 
Section. NACA 63-015 mod 
Location of  t a i l  C/4. 

Z / C r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.74 
l/C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.48 

I 




--- 

--- 

--- 

TABLE 11.- FIGURE INDEX FOR THE WIND m L FC3SULTS 

Ta Wing Variable ;S l a t s  Horizont a1 Vertical BLC modif icat ion e f f e c t  

0 Off,On O f f  O f f  ;1 slat,F 
30 F 

45 
45 1

Off,On 

451 L 
OI 


45 O f f  

60 	 O r  
On 

Off ; s l a t s  

On 

On wing mod 
~ 

1 
On On On O f f  t a i l  

CJ,BLC 

C 6e 
s l a t s1 C J  
E;hf 

60 jr 


O r  

O i  

6a* 


1 
*Lateral  cont r  
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A-35827
( a )  Front view of model i n  the  wind tunnel. 

Figure 1.- Views of model i n s t a l l a t i o n s  and assemblies. 
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A-35828

(b) Rear view of model i n  the  wind tunnel with t a i l  o f f ;  CL = 0'. 

Figure 1.- Continued. 
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A-35826
( c )  Rear view of  model i n  the wind tunnel  with t a i l  on; CL = 10'. 

Figure 1.- Continued. 
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(e) Front v i e w  of augmentor with i n l e t  fa i r ings  used i n  the s t a t i c  tests.  A-35726-13.1 

Figure 1.- Continued. 
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( f )  Root fence ( top ) ,  and end-plate i n s t a l l a t i o n s .  

Figure 1.- Concluded. 
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( a )  Three-view drawing of the model. 

Figure 2.- Geometric de ta i l s  o f  the model. 
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See f ig.Z(d) for augmentor 
and f lap detai l  

See fig. 2 (c)  for slat detai l  / 

Section A-A 

(b) Wing assembly views. 

Figure 2. - Continued. 
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Typical for T ,  .I3 to .72. For 77 .72 to 

I, dimensic .s were reduced in proportion 

to local wing chord. 

( e )  Detail  of leading-edge s l a t .  

Figure 2. - Continued. 
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(e)  Cross sec t ion  of t h e  f ixed  vane and lower door. 

Figure 2. - Continued. 



Air supplies to wing jet augmentors 
and aileron BLC ( see f ig.2 (g) 1 

w 
Iu 

Model $ ,/ Hot gas exhaust 

Viper 8 load compressor 
Air supplies to wing jet augmentors 
and aileron BLC ( see f ig.2 (g) 1n 


I 

Model I 

(f) Compressor assembly. 

Figure 2.- Continued. 



12 nozzles per plenum 
12 plenums per wing 

F lap BLC system 

Augmentor plenum Load compressor 
pressure stations 

Model  
Jet augmentor and a i le ron  BLC systems 

( g )  Duct system. 

Figure 2. - Concluded. 
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Augmentor plenum pressure rat io ,  pd/pm 

Figure 3.- Typical var ia t ions  of t o t a l  weight r a t e  of flow and temperature 
r a t i o  with duct pressure r a t i o  for the  a i r  supplying the augmentor
a i le ron  duct system; 6, = 45'. 
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Figure 4.- Comparison of data corrected f o r  wind-tunnel w a l l  e f f ec t s ;  6f = 600 , 6, = 45O, CJ = 1.30, 
Cva = 0.040, Cvf = 0, t a i l  off .  
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( a )  Upper door and f l a p  assembly removed; 6f = 60°, 6, = 0 . 

Figure 5.- Augmentation r a t i o  a s  a f fec ted  by pressure r a t i o  and lower door 
pos i t ion ,  measured on the  s t a t i c  t e s t  stand. 
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(b)  Complete augmentor; 6f = 60' and TO0. 

Figure 5. - Continued. 
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(c )  Complete augmentor; 6f = 30' and looo. 

Figure 5. - Concluded. 
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Figure 6.- J e t  angle and lower door positions measured on the  s t a t i c  
test stand. 
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Figure 7.- Characteristics of the model with flaps retracted; tail off. 
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Figure 8.- The effect of CJ on the longitudinal characteristics with 6f = 30'; 6a = Oo, Cpf = 0,
F, tail o f f .  
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0Figure 9.- The e f f ec t  of CJ on the longi tudina l  cha rac t e r i s t i c s  with 6f = 45'; 6, = 45 , CPf = 0, 
F, t a i l  o f f .  
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Figure 10.- The e f f ec t  of symmetrical a i le ron  def lect ion on the longi tudinal  cha rac t e r i s t i c s  with 
6f = 45'; cCla= 0.20, cClf = 0, F, t a i l  of f .  
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Figure 11.- Longitudical characterist ics with and without f lap  BLC fo r  6f = 300 and 450 ; Cpa = 0.029, 
F, t a i l  o f f .  



(a) Effect of CJ; 6, = 45O, Cpf = 0, q = 8. 


Figure 12.- Longitudinal characteristics of the model with 6-f= 60'; D, E, tail o f f .  
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(b) Effect of CJ changed by varying dynamic pressure; = 45', CPf = 0. 

Figure 12. - Continued. 
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Figure 12.- Continued. 
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Figure 12. - Concluded. 
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Figure 13.- Longitudinal characteristics of the model with 6f = 700 and tail off; D. 
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Figure 13. - Continued. 
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( e )  E f fec t  of CJ changed by varying dynamic pressure;  6a = 450 . 
Figure 13. - Continued. 
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Figure 13. - Concluded. 
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(a) Effect of CJ; 6a = 450, Cpf = 0. 

Figure 14.-Longitudinal characteristics of the model with 6f = 1000 and tail off; F. 
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Figure 14. - Concluded. 
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Figure 15.- The e f f e c t  of 
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augmentor f l a p  def lec t ion  on the  c h a r a c t e r i s t i c s  of t he  model with 
0.81; 6a = 4 5 O ,  Cpa = 0.03, Cpf = 0, t a i l  o f f .  
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( a )  6f = 60'; BLC off .  

Figure 16.- The var ia t ion  of l i f t  with j e t  coef f ic ien t  for several  
airspeeds. 
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Figure 16. - Concluded. 
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Figure 1.7.-The var ia t ion  of l i f t  coef f ic ien t  with f l a p  BLC coeff ic ient ,  
CPf,  for zero angle of a t tack .  
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Figure 18.- The effect of leading-edge s l a t s  on the characteristics of the model with tail off; 
6f = 60°, 6a = 4 5 O ,  F. 
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Figure 18. - Concluded. 
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Figure 19.- The e f f e c t  of wing modifications on the  longi tudina l  c h a r a c t e r i s t i c s  of the  model; 
6f = 60°, 6a = 45O, t a i l  o f f .  
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(a) Comparison of t a i l  on and t a i l  off; 6f = 60°, CPf = 0. 

Figure 20.- Longitudinal cha rac t e r i s t i c s  of the  model with the  hor izonta l  t a i l  on f o r  6f = 60' 
and 100' ; 6a = 45O, F. 
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Figure 20. - Continued. 
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Figure 20.- Continued. 
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Figure 20.- Continued. 
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Figure 22.- Characterist ics of the model with v e r t i c a l  t a i l  off  as affected by yaw; 6f = 60°, 
6a = 45O, CJ = 1.21, Cpa = 0.036, Cpf = 0, F, t a i l  off .  
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Figure 22. - Concluded. 
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the v e r t i c a l  t a i l  o f f ;  6a = 60°, 6f = 45O, CJ = 1.21, Cpa = 0.036, Cpf = 0, F, t a i l  o f f .  
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Figure 25.- Concluded. 
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Figure 33.- Variations of flap lift increment with CJ1I2 for = 00 . 
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